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SECTION b 

INTRODUCTION 

This  r e p o r t  comprises t h e  f i r s t  phase of a  r e s e a r c h  e f f o r t  d i r e c t e d  

towards an  exper imenta l  and t h e o r e t i c a l  s tudy  p e r t a i n i n g  t o  t h e  chemi- 

c a l  i d e n t i f i c a t i o n  of t h e  i n t e r s t e l l a r  d u s t .  The emphasis of t h i s  

program has  been p r i m a r i l y  d i r e c t e d  towards t h e  s p e c t r a l  a n a l y s i s  of 

t h e  i n t e r s t e l l a r  d i f f u s e  bands and t h e i r  c o r r e l a t i o n  w i t h  l a b o r a t o r y  

observed a b s o r p t i o n  bands. S ince  none of t h e  s i m p l e r  d i a t o m i c ,  t r i -  

atomic o r  molecules  c o n t a i n i n g  up t o  12 atoms have been found t o  ex- 

h i b i t  s p e c t r a  even remotely  resembling t h e  i n t e r s t e l l a r  l i n e  s p e c t r a ,  

i t  was decided t o  examine t h e  l a r g e r  molecu les ,  p a r t i c u l a r l y  t h e  
.. . , 

porphyr ins  . 

Two s c i e n t i f i c  r e p o r t s  were prepared under t h e  c o n t r a c t .  The f i r s t  one 

comprised an i n t r o d u c t i o n  t o  t h e  s u b j e c t  and is  e n t i t l e d ,  " I n t e r s t e l l a r  

Matter".  The second r e p o r t  i n c l u d e s  t h e  r e s u l t s  of t h e  l i t e r a t u r e  

s e a r c h  a s  w e l l  a s  a  summary of t h e  t h e o r e t i c a l  a n a l y s i s  p e r t a i n i n g  t o  

t h e  s p e c t r a  of t h e  porphyr ins  and r e l a t e d  compounds. P re l iminary  ex- 

pe r iments  were under taken d u r i n g  t h e  c o u r s e  of t h i s  program. These 

a r e  d e s c r i b e d  i n  S e c t i o n  2.  Two dewars were procured f o r  s p e c t r o s c o p i c  

measurements a t  t empera tu res  t o  a s  low a s  ~ O K .  One was a  low-cost 

g l a s s  dewar w i t h  a  permanently evacuated i n n e r  chamber enab l ing  t h e  

u s e  of l i q u i d  helium. The second dewar was a l l  me ta l  and r e q u i r e d  

pump-out f o r  each measurement. One of t h e  main d i f f e r e n c e s  between 

t h e  two dewars i s  t h e  f a c t  t h a t  t h e  g l a s s  one r e q u i r e s  t h e  samples t o  

b e  immersed i n  t h e  r e f r i g e r a n t ,  whereas t h e  a l l - m e t a l  dewar c o n t a i n s  a 

c o l d  f i n g e r  which a l lows  t h e  c e l l  t o  be  i n  a  vacuum environment,  con- 

d i t i o n s  more c l o s e l y  resembling t h o s e  of i n t e r s t e l l a r  space.  A summary 

of t h e  accomplishments d u r i n g  t h e  program i s  a s  fo l lows :  



a .  Completed l i t e r a t u r e  survey compris ing over  1500 r e f e r e n c e s  
d e l i n e a t i n g  t h e  most promising of  t h e  compounds and i n c l u d -  
i n g  r e f e r e n c e s  which may b e  p e r t i n e n t  t o  t h e  s u b j e c t  ( s e e  
S c i e n t i f i c  Repor t s  No. 1 and 2 ) .  The b i b l i o g r a p h y  was f u r -  
t h e r  sc reened  t o  i n c l u d e  only  t h o s e  r e f e r e n c e s  which would 
b e  of i n t e r e s t  t o  as t ronomers  and e x o b i o l o g i s t s .  

b .  T h e o r e t i c a l  a n a l y s i s  and p r e l i m i n a r y  c a l c u l a t i o n s  were p e r -  
Eormed, These were of a  p r e l i m i n a r y  n a t u r e  on ly .  

c ,  I n  a d d i t i o n  t o  t h e  l i b r a r y  s e a r c h ,  i n f o r m a t i o n  was g a t h e r e d  
f i r s t  hand from o t h e r  s c i e n t i s t s  i n c l u d i n g  as t ronomers ,  b i o l -  
o g i s t s ,  and chemis t s  r e l a t i n g  t o  i n f o r m a t i o n  on t h e  por-  
phyr ins  and on t h e  i n t e r s t e l l a r  d u s t .  T h i s  enabled t h e  most 
r e c e n t  a s t r o n o m i c a l  d a t a ,  f o r  i n s t a n c e ,  t o  b e  inc luded  i n  o u r  
a n a l y s i s .  D r .  George Herbig of  t h e  U n i v e r s i t y  of  C a l i f o r n i a  
a t  S a n t a  Cruz and D r .  C.  R. O f D e l l  o f  t h e  U n i v e r s i t y  of  
Chicago k i n d l y  s u p p l i e d  t h e  a u t h o r  w i t h  impor tan t  a s t r o n o m i c a l  
in fo rmat ion .  Thanks a l s o  go t o  D r .  G.A.H. Walker and D r .  B. Donn. 

d. I n v i t e d  seminar  t a l k s  were g i v e n  on t h e  s u b j e c t  of  i n t e r -  
s t e l l a r  d u s t  a t  t h e  fo l lowing  i n s t i t u t i o n s  and d a t e s :  

(1) The Astronomical  S o c i e t y ,  Los Ange les ,  December 1966. 

(2) S p e c i a l  Astronomy and Biodynamics Symposium convened a t  
t h e  U n i v e r s i t y  of  C a l i f o r n i a  a t  Berke ley ,  January 20,  
1967. 

(3)  J e t  P r o p u l s i o n  Labora to ry ,  February  24 ,  1967. 

(4) C a l i f o r n i a  I n s t i t u t e  of  Technology,  March 2 0 ,  1967. 

(5) The A s t r o n a u t i c a l  S o c i e t y ,  Boston,  May 26,  1967. 

Impor tan t  c o n t a c t  was made w i t h  s c i e n t i s t s  i n  t h e  chemis t ry  and exo- 

b i o l o g y  f i e l d s .  These inc luded  P r o f e s s o r  ~ o ' l f  Vishn iac  of  t h e  Univers$ ty  

of  R o c h e s t e r ,  P r o f e s s o r  Henry L i n s c h i t z ,  Brandeis  U n i v e r s i t y ,  and Pro- 

f e s s o r  Harold C .  Urey, U n i v e r s i t y  of C a l i f o r n i a  a t  San Diego. Also ,  

v e r y  f r u i t f u l  d i s c u s s i o n s  were h e l d  w i t h  P r o f e s s o r  Lloyd Motz of 

Columbia U n i v e r s i t y .  (A j o i n t  paper  i s  i n  p r e p a r a t i o n . )  

Although Report  No. E o u t l i n e s  v a r i o u s  models proposed by o t h e r  s c i e n -  

t i s t s  f o r  t h e  i n t e r s t e l l a r  d u s t  g r a i n s ,  i t  i s  wor thwhi le  t o  p o i n t  o u t  

h e r e  t h a t  t h e  p o i n t  of  d e p a r t u r e  t aken  i n  our  i n v e s t i g a t i o n  was t h e  

assumpt ion t h a t  t h e  i n t e r s t e l l a r  d u s t  g r a i n s  a r e  comprised of c y c l i c  

hydrocarbons ,  i . e . ,  po rphyr in  o r  s i m i l a r  compounds, f o r  f o u r  b a s i c  

r e a s o n s  : 



a .  The s t r o n g e s t  i n t e r s t e l l a r  a b s o r p t i o n  band a t  4430A would 
comprise t h e  S o r e t  band. 

b. The porphyr ins  a r e  b a s i c a l l y  s t a b l e  compounds. 
4 

c .  Porphyr ins  a r e  s t a b l e  a g a ~ n s t  uv r a d i a t i o n .  

d. Roughly t e n  l i n e s  compris ing t h e s e  compounds a r e  sugges ted  
by t h e  i n t e r s t e l l a r  bands.  The c l a i m  i s  no t  made t h a t  
unambiguous ass ignments  can be  made a t  t h i s  t ime.  Fa r  from 
i t ;  o grcac deaL more exper imenta l  w s r l c ,  p a r t i c u l a r l y  a t  low 
t empera tu res ,  i s  necessa ry  i n  o r d e r  t o  r e f i n e  t h e  measurements, 
p a r t i c u l a r l y  w i t 9  r e s p e c t  t o  l i n e w i d t h .  No a p o l o g i e s  need 
be  made f o r  c o n s i d e r i n g  t h e s e  compounds,since t h e  c l o s e s t  
r i v a l  h y p o t h e s i s  c o n s i d e r s  g r a p h i t e  a s  t h e  i n t e r s t e l l a r  d u s t  
g r a i n  where t h e r e  a r e  a b s o l u t e l y  no l i n e s  even remotely  r e -  
sembl ing t h e  d i f f u s e  i n t e r s t e l l a r  bands.  

Moreover,  homogeneous compounds such a s  g r a p h i t e  presuppose  a n  o r d e r l y  

a r r a y  of atoms l a i d  down i n  t h e  p r e s e n c e  of  a n  atmosphere of  hydrogen 

a toms,  t h e  most abundant of e lements .  For more d e t a i l e d  d i s c u s s i o n s  

on o t h e r  models ,  s e e  Techn ica l  Report  No. 1. 





SECTION 2 

EXPERLENTAL RESmTS 

F i g u r e s  1 and 2 a r e  photographs of t h e  g l a s s  and meta l  dewars ,  r e s p e c -  

t i v e l y .  A l l  t h e  d a t a  d i s c u s s e d  i n  t h i s  r e p o r t  were t aken  w i t h  t h e  
'4 
.I g l a s s  dewar. The m e t a l  dewar r e q u i r e s  a  vacuum s t a t i o n  and a s s o c i a t e d  

equipment t o  be assembled i n  Phase 11, Task A of t h e  fo l low-on program. 

Some comments on t h e  m a t e r i a l s  used a r e  a s  f o l l o w s :  

It i s  ext remely d i f f i c u l t  t o  purchase  t h e  r e q u i r e d  p o r p h y r i n s  f o r  s tudy .  

Consequen t ly ,  t h e  d a t a  t h a t  was o b t a i n e d  does no t  r e p r e s e n t  t h e  most 

promis ing o f  t h e  porphyr in  m a t e r i a l s  b u t  on ly  t h o s e  compounds which can  

r e a d i l y  b e  purchased from s u p p l i e r s  such  a s  Sigma Chemical Co. Chloro- 

p h y l l  a  and b  were  examined a  g r e a t  d e a l ;  however, t h e  more promis ing 

c h l o r o p h y l l  c  c o u l d  n o t  b e  purchased.  Tab le  I (from Fa lk )  g i v e s ,  f o r  

c h l o r o p h y l l  c ,  a b s o r p t i o n  wavelengths  a t  around 4 4 3 0 i ,  5 8 0 0 i ,  and 6280 i  

i n  i n t e n s i t y  r a t i o s  v e r y  c l o s e l y  resembl ing t h o s e  o f  t h e  d i f f u s e  i n t e r -  

s t e l l a r  l i n e s .  

It i s  planned t o  u t i l i z e  t h e  s e r v i c e s  o f  a  chemis t  and /o r  b iochemis t  

i n  t h e  Task B of t h e  fo l low-on program t o  s y n L h e s i z e  o r  e x t r a c t  c h l o r o -  

p h y l l  c  and o t h e r  porphyr in  t y p e  compounds which a r e  no t  commercial ly 

a v a i l a b l e .  

Meanwhile, o u r  exper imenta l  program c o n c e n t r a t e d  on t h e  fo l lowing  

a s p e c t s  u t i l i z i n g  t h e  m a t e r i a l s  a t  hand. 

a .  The e f f e c t  of  s o l v e n t s  on t h e  a b s o r p t i o n  band. 

b e  The e f f e c t s  of  t empera tu re .  

c .  The e f f e c t s  of  changing t h e  t h i c k n e s s  of t h e  sample i n  o r d e r  
t o  o p e r a t e  a t  a  t empera tu re  of  4OK w i t h  r e a s o n a b l e  sample 
t r a n s m i s s i o n .  No known s u b s t a n c e ,  o t h e r  than  he l ium,  remains 
a l i q u i d  a t  4OK; c o n s e q u e n t l y ,  i t  was thought  t h a t  a v e r y  
t h i n  sample might be used.  Th i s  indeed proved t o  be co r rec t .  



Figure 1. Glass Dewar for Liquid Helium Transmission Measurements 



Figure 2, Metal Dewar, Photograph shows transmission windows.' 
Cold-finger i s  s i t u a t e d  wi th in  lower extension. .. 



Anotl-ier exper imenta l  approach was exp lo red  a t  g r e a t  l e n g t h s ,  namely 

t h e  d u p l i c a t i o n  o f  t h e  Sh ' lovsky  t e c h n i q u e  which u t i l i z e s  s p e c i f i c  

hydrocarbons a s  s o l v e n t s  i n  o r d e r  t o  sha rpen  up t h e  a b s o r p t i o n  l i n e s .  

Following t h e  r e c i p e  g iven  i n  t h e  l i t e r a t u r e ,  i t  was no t  p o s s i b l e  t o  

d u p l i c a t e  t h e  l i n e  narrowing,  nor  was it expected f o r  c h l o r o p h y l l .  

Data on c a r o t e n e ,  a  nonporphyr in ,  i s  inc luded  s i n c e  t h i s  compound i s  

u s u a l l y  a s s o c i a t e d  w i t h  c h l o r o p h y l l  and fu r the rmore  does have absorp-  

t i o n  bands c l o s e  t o  4430 and 4700 a t  room temperatures. However,  on 

c o o l i n g  t h e  sample t o  77OK t h e  i n t e n s i t y  r a t i o s  d i d  not  seem f a v o r a b l e  

f o r  t h e  i n t e r s t e l l a r  a b s o r p t i o n  i d e n t i f i c a t i o n .  Moreover, no absorp-  
0 

t i o n  l i n e s  a r e  p r e s e n t  beyond 5000A. R e t i n o l  was exp lo red  a t  77OK. 

The r e s u l t  shown i n  F ig .  3 i s  i n t e r e s t i n g  s i n c e  i t  shows a  b r e a k  i n  

t h e  s c a t t e r i n g  curve  a t  around 4400. A s i m i l a r  b reak  occurs  i n  t h e  

i n t e r s t e l l a r  l i g h t  s c a t t e r i n g  d a t a .  Lycopene and c a r o t e n e  were a l s o  

exp lo red  a t  room tempera tu re  and a t  77OK and i n  v a r i o u s  samples.  The 

d a t a  i s  shown i n  F i g s .  4  t o  9 .  F i n a l l y ,  d a t a  of c h l o r o p h y l l  a  and b  

t a k e n  a t  4 O K  a r e  shown ( F i g s .  10 and 1 1 ) .  The n o i s e  superimposed upon 

t h e  d a t a  i s  presumably due t o  t h e  r a p i d  bubb l ing  of t h e  l i q u i d  hel ium 

i n  t h e  chamber. The g l a s s  dewar al lowed t h e  r e t e n t i o n  of  l i q u i d  hel ium 

f o r  roughly  h a l f  an hour  on ly .  The e f f e c t  of s o l v e n t s  on t h e  absorp-  

t i o n  d a t a  f o r  c h l o r o p h y l l  a  and b  is  shown i n  F i g s .  12  through 15.  

Pentane and methylpentane were t h e  s o l v e n t s  used.  The a b s o r p t i o n  wave- 
0 

l e n g t h s  s h i f t e d  by a s  much a s  40A i n  some c a s e s .  
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TABLE 5 

SUGGESTIONS FOR IDENTIFICATION OF 

INTERSTELLAR LINES 

m e t a l l i c  p a r t i -  to test t h e o r y  
c l e s  of s i z e  A 

Requi res  H2 molecu les  
i n  e x c i t e d  s t a t e s ;  
would accoun t  f o r  4430 

ground s t a t e  of  

tomic o r  poly-  
tomic f r e e  
a d i c a l s  s i m i -  
a r  t o  HCO o r  

(1964) and r e b u t t e d  by 
Herzberg (1965) 

A .  McKellar 
s h i f t s  -- v e r y  sugges- 
t i v e  f o r  about  t h r e e  
d i f f u s e  l i n e s  

SR- I 



TABLE 5 (con t inued)  

SUGGESTIONS FOR IDENTIFICATION OF 

INTERSTELLAR LINES ( c o n t d )  

I i A u t h o r  1 Scheme I Reference  R e m a r k s  I 
J. R ,  P l a t t  P a r t i c l e -  s i z e  dependent  

a b s o r p t i o n  wavelengths  

P. M. Johnson F-centers i n  
a l k a l i  hy- 
d r  i d e s  

E. E. Ferguson 

and 

H. P .  Broida  

P.  Swings and 
M. D e s i r a n t  

P.  Swings and 
Y .  'bhman 

F. M. Johnson 

Columbia Univ. Exper imenta l  w i d t h  of  
R a d i a t i o n  Lab F-cen te r  l i n e s  t o o  
P r o g r e s s  . wide a t  40K 
Repor t  1955 

J .  Chem. Phys.  No c o i n c i d e n c e  found 
4 0 ,  3715 (1964) s o  f a r  

Ap. J.  .&, 807 
(1964) I 
C i e l  e t  T e r r e  Genera l  D i s c u s s i o n  on 
No. 5 ,  p .  160 Absorp t ion  i n  S p e c t r a  
(1939) i n  S o l i d s  a t  Low Tem- 

p e r a t u r e s  

Suggest  
molecu la r  
c r y s t a l s  and 
amorphous 
m e t a l s  

The Observa to ry  
6 2 ,  150 (1939) - 

Hydrocarbons 
H-C-N 
Conjugated 
Compounds 

I A U  Colloquium 
on I n t e r s t e l l a r  
Gra ins  Aug. 24- 
26 1965, Troy,  
N . Y . ,  B u l l .  Am. 
Phys.  Soc. S e r i e  
11, llJ 24(1966) 
Am. Ast ronomical  
S o c i e t y  Meeting 
L.A. C a l i f .  Dec. 
1966 

Very s u g g e s t i v e  f o r  
number of  compounds 

s  

SR- 1 



TABLE 6 

DDFUS E INTERSTELT-AR LINES 

Breadth  numbers i n d i c a t e  t h e  f o l l o w i n g :  
4 - ex t remely  b r o a d ,  sha l low a b s o r p t i o n  
3 - b r o a d ,  hazy l i n e  
2 - d i f f u s e  l i n e  
1 - n o t  q u i t e  s o  s h a r p  a s  i n t e r s t e l l a r  a tomic  f e a t u r e s  

*Discovered by R .  Wilson,  A p . J .  128,  5 7 ,  2958, and conf i rmed h e r e  by 
Herb ig ,  

**New Line .  (Herbig)  

The a u t h o r  is g r e a t l y  indeb ted  t o  D r .  Herbig f o r  s u p p l y i n g  t h i s  
t a b l e  compris ing columns 2, 4 and 5 p r i o r  t o  p u b l i c a t i o n .  
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S E C T I O N  3 

D I S C U S S I O N  

F i g u r e 1 6  shows a major i n t e r s t e l l a r  l i n e  i n c l u d i n g  t h e  v e r y  wide 

d i f f u s e  l i n e s ,  t h e  medium d i f f u s e  l i n e s  and exper imenta l  r e s u l t s  i n d i -  

c a t e d  by arrows.  The a s t r o n o m i c a l  d a t a  i n c l u d e s  unpub l i shed  r e s u l t s  

k i n d l y  s u p p l i e d  by D r .  George Herbig.  The v e r y  wide l i n e s  a t  4 0 0 0 i  

s t i l l  have t o  b e  v e r i f i e d .  However, i f  c o r r e c t ,  t h e i r  p r e s e n c e  would 

b e  ext remely important  s i n c e  a  l a r g e  number of p o r p h y r i n  compounds 

have t h e  S o r e t  peaks i n  t h a t  r e g i o n .  Only e i g h t  arrows a r e  shown on 

t h e  curve ;  a  somewhat b e t t e r  c a s e  cou ld  be  made by i n c l u d i n g  more com- 

pounds. I n  any e v e n t ,  a t t e n t i o n  shou ld  b e  g iven  t o  c h l o r o p h y l l  c  

which h a s  n o t  y e t  been examined a t  4'K,and whose wavelengths  a r e  r e l a -  

t i v e l y  c1os.e t o  t h o s e  of  t h e  major i n t e r s t e l l a r  d i f f u s e  bands a s  w e l l  

a s  i n  t h e  approximate  i n t e n s i t y  r a t i o s .  F u r t h e r  exper imenta l  absorp-  

t i o n  measurements a r e  i n d i c a t e d ,  p a r t i c u . l a r l y  w i t h  t h e  haems. These 

exper iments  a r e  planned i n  t h e  fo l low-on program u s i n g  t h e  s u p e r i o r  

a l l -me ta l  dewar and c o l d  f i n g e r  d e p o s i t i o n  t echn ique .  
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Figure 16.  Major Interstellar Lines 


